In this study, we analyzed structural features of the N-glycans linked to glycoproteins expressed in various edible beans to identify excellent sources of useful N-glycans and N-glycopeptides. Structural analysis of N-glycans of the glycopeptides prepared from the pepsin digests of bean powder that the useful high-mannose type N-glycans occur predominantly in Phaseolus and Vigna beans; tora bean for Man 9 GlcNAc 2 -Asn, dainagon bean for Man 8 GlcNAc 2 -Asn, and azuki bean for Man 7 GlcNAc 2 -Asn.
It has been reported that the plant complex type Nglycans can be used as antiallergenic drugs 1) and that some high-mannose type N-glycans containing the Man1-2Man1-2Man unit, such as Man 9-7 GlcNAc 2 , can be useful in producing anti-HIV antibodies, [2] [3] [4] suggesting that some N-glycans linked to glycoproteins can be useful lead compounds for development of glycodrugs. For the development of such glycodrugs, therefore, a sufficient supply of the useful N-glycans from natural resources is a prerequisite. In previous studies, [5] [6] [7] we found that the plant complex type Nglycans bearing 1-2 xylosyl and/or 1-3 fucosyl residues are predominantly accumulated in storage glycoproteins in gingko seeds, 5) and that storage glycoproteins in pea and soybean bear the high-mannose type N-glycans. 6, 7) However, the structures of the highmannose type N-glycans in these two beans were highly heterogenous, and these beans were not adequate resources for the preparation of glycopeptides having the specific N-glycan structure as a predominant component. In this study, we analyzed structural features of N-glycans linked to the glycoproteins expressed in various edible beans (zatsu-mame in Japanese, defined as edible beans excluding soybean and peanut).
For the structural analysis of these N-glycans, we used 12 kinds of beans: five kinds of Phaseolus vulgaris (kintoki-mame or red kidney bean, uzura-mame, toramame, daifuku-mame, murasakihana-mame), three kinds of Vigna beans (azuki, dinagon, and sasage or Vigna unguiculata), Cicer bean (hiyoko-mame or chikpea), Pisum bean (red pea), Canvalia bean (shironata-mame or swordbean), and Vicia bean (kaiko-mame or fava bean). Five kinds of Phaseolus beans (kintoki-mame, uzuramame, tora-mame, daifuku-mame, and murasakihanamame) and two kinds of Vigna beans (azuki, dinagon) were harvested in Hokkaido, Japan. The sasage (Vigna unguiculata) and shironata-mame (swordbean) were harvested in Okayama, Japan. The hiyoko-mame (chikpea) and kaiko-mame (fava bean) were harvested in Mexico and China, respectively. All the beans were obtained from local markets.
Each type of bean powder (50 g) was boiled in water (300 mL) for 5 min. After cooling, the mixtures were exhaustively dialyzed against running tap water and then deionized water (5 L) to exclude free oligosaccharides and low molecular compounds. To the resulting dialyzate, formic acid was added to 5% final concentration, and then 100 mg of pepsin (porcine stomach, Sigma, St. Louis, MO) was added. In this study, we prepared glycopeptides from proteolytic digests of the boiled bean powder without preparing soluble proteins from the crude bean extracts. After 48 h of incubation at 37 C, the digests were neutralized by ammonia solution and centrifuged at 12;000 g for 30 min. The supernatants obtained from the proteolytic digests were concentrated to about 100 mL with a rotary evaporator, and the resulting concentrated samples were dialyzed against deionized water (5 L). The resulting outer solution was concentrated to about 100 mL with the rotary evaporator and then desalted by a combination of gel filtration using a Sephadex G-25 column (4:5 Â 90 cm) and an ionexchange method using a Dowex 50 Â 2 resin. The 
glycopeptides bound to the Dowex 50 Â 2 resin were eluted with 0.1 N NH 4 OH. The glycopeptide fraction was lyophilized, and N-glycans were liberated from the glycopeptides by hydrazinolysis (100 C, 10 h). The resulting hydrazinolyzate was N-acetylated with saturated sodium bicarbonate and acetic anhydride. The liberated N-glycans were tagged with 2-aminopyridine as described in our previous papers. 6, 7) After gelfiltration with a Sephadex G-10 column (2:8 Â 45 cm) to exclude excess reagents, the resulting pyridylaminated (PA-) derivatives were partially purified by RP-HPLC using a Cosmosil 5C18-AR column (10 Â 250 mm), as described in our previous papers. 6, 7) The PA derivatives eluted between 20 to 45 min were pooled as pyridylaminated N-glycans. The N-glycan fractions obtained by RP-HPLC were analyzed by SF-HPLC using a Shodex Asahipak NH2P-50 column (4:6 Â 250 mm, Showa Denko, Tokyo) at a flow rate of 0.7 mL/min. As shown in Fig. 1 , it was found that the Phaseolus and Vigna beans contained high-mannose type N-glycoproteins in large amounts. Although the content of highmannose type N-glycans linked to storage glycoproteins in five kinds of Phaseolus vulgaris (kintoki-mame, uzuramame, tora-mame, daifuku-mame, shirohana-mame, and murasakihana-mame) was relatively high, structural heterogeneity in high-mannose structure was also high except for tora-mame. As for the N-glycans of glycoproteins in kintoki-mame, uzura-mame, murasakihanamame, the amounts of the high-mannose type N-glycans (M6, M7, M8, and M9) obtained from these beans were comparable. The M6 and M7 structures were predominant in the high-mannose type N-glycans of the glycoproteins in daifuku-mame. On the other hand, the truncated complex type N-glycans (M3FX and M3X, antigenic N-glycans) also occurred in a relatively small amounts among the glycoproteins in daifuku-mame and murasakihana-mame, but the amount was very low in comparison to that of high-mannose type structures. In the case of the N-glycans from tora-mame, the M9 structure was predominant, indicating that tora-mame is a good source for the preparation of Man 9 GlcNAc 2 -Asn peptides in large amounts, this being a valuable Nglycan as a lead compound for glycodrugs. We found that the glycoproteins in two kinds of Vigna beans (azuki and dainagon) contained the distinctive structure of high-mannose type N-glycan as a predominant component, and that Man 8 GlcNAc 2 was a predominant component of dainagon, and Man 7 GlcNAc 2 for azuki. Reversed-phase HPLC analysis of these high-mannose type N-glycans showed the major isomer of the M8 structure to be M8A and the major isomers of the M7 structure to be M7A and M7B. Since these highmannose type N-glycans having the Man1-2Man1-2Man unit can be used as epitopes in the preparation of anti-HIV antibody [2] [3] [4] and as chaperone-like oligosaccharides in protein assembly, [8] [9] [10] three beans (azuki, dainagon, and tora-mame) are useful resources to prepare large amounts of Man 9-7 GlcNAc 2 -Asn with just a few purification steps.
The structures of N-glycans obtained from the 12 kinds of edible beans were further confirmed by successive -mannosidase digestion with -1,2-mannosidase and jack bean -mannosidase. Typical examples of structural analysis by sequential exoglycosidase digestion are shown in Fig. 2 . Almost all the N-glycans were converted to M5 by -1,2-mannosidase, and then to M1 by jack bean -mannosidase. The relative amounts of N-glycans obtained from these edible beans (zatsu-mame) are summarized in Fig. 3 , and the amount of total N-glycans obtained from murasakihana-mame (Phaseolus vulgaris) was about 3 mmole from 50 g of bean powder. It is noteworthy that shironata-mame (or sword bean, Canavalia genus) contained few N-glycoproteins. Since it is well known that the Canavalia genus usually contains a considerable amount of mannosespecific lectin (such as Con A) or -mannosidase, the small occurrence of N-glycoproteins in the bean suggests that endogenous substrates for the lectin and the glycosidase might not be endogenous N-glycans. In a previous paper, 6) we described a structural analysis of N-glycans linked to soluble glycoproteins of green pea (Pisum sativum), but the elution profile of the PA-sugar chains was different from that obtained in this study. In the paper, we reported that the major N-glycans of pea storage glycoproteins were M8 (19.7%), M6 (24.7%), and M3FX (18.8%), when we used glycoproteins extracted from the green pea with a buffered saline solution. 6) On the other hand, in this study, the major Nglycans were high-mannose type (M5, M6, M7, and M8) but M3FX was one of the minor components. As for this discrepancy, we speculate that the difference in the methods used to prepare the N-glycans might account for the differences in the structural features of the Nglycans of the bean glycoproteins. In the case of the Nglycans of tomato fruit glycoproteins, 11, 12) we found that the yield of high-mannose type N-glycans obtained from glycopeptides prepared by direct peptic treatment of the fruit homogenate was much higher than that from watersoluble glycoproteins prepared as acetone precipitates. Furthermore, in the case of the N-glycans of the glycoproteins in uzura-mame (Phaseolus vulgaris), the structural feature of N-glycans found in this study were slightly different from those of the N-glycans obtained from water-soluble storage glycoproteins (data not shown). These results indicate that high-mannose type N-glycans are predominantly linked to insoluble or integral membrane glycoproteins that cannot be extracted with buffered saline solution (phosphate-buffered saline (PBS) or Tris-buffered saline (TBS)).
Recently it was reported that glycoproteins in avian eggs are good natural sources of high-mannose type and complex type N-glycans. Especially it should be note that quail and pheasant egg yolk are excellent sources of 2-6 sialylated N-glycans. 13) To compare the structural features of N-glycans linked to glycoproteins in avian eggs with those in edible beans, high-mannose type N-glycans are commonly linked to both avian and bean glycoproteins in relatively large amounts, but structural heterogeneity in the high-mannose type structure occurs in avian N-glycans (Man 9-5 GlcNAc 2 structures occur in comparable amounts). For the preparation of fluorescence-labeling N-glycans using RP-HPLC, both avian and bean glycoproteins are good natural resources. But for the preparation of highmannose type glycopeptides having a relatively homogenous glycan-structure, tora-bean (for Man 9 GlcNAc 2 -Asn), dainagon (for Man 8 GlcNAc 2 -Asn), and azuki (for Man 7 GlcNAc 2 -Asn) are rather good sources, since it is difficult to separate the high-mannose type glycopeptides (Man 9 GlcNAc 2 -Asn, Man 8 GlcNAc 2 -Asn, or Man 7 GlcNAc 2 -Asn) in large amounts from heterogenous mixtures by RP-HPLC or SF-HPLC. At this time, the lot-to-lot variability in the structures of N-glycans linked to bean-glycoproteins is unknown. In the case of the N-glycans of hen egg albumin, no significant lot-to-lot variability in glycan structures has been reported. [14] [15] [16] [17] When we prepared fluorescence-labeled N-glycans from storage glycoproteins using soybeans (Glycine max L. cv. Tamahomare) differing in harvest year, we did not find significant lot-to-lot variability in glycan structures. Thus, it appears that lot-to-lot The relative amount of N-glycans obtained form murasakihana-mame was taken to be 100%.
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variability in the structural features of the N-glycans of edible bean glycoproteins, if there is any, might be insignificant.
In conclusion, in this study we found that some edible beans (zatsu-mame) are good natural sources of biofunctional N-glycans, especially high-mannose type glycopeptides (Man 9-7 GlcNAc 2 -Asn), that can be used as lead compounds in the development of glyco-drugs and glyco-reagents to stimulate the human immune system.
